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Motivation

• Tropical upwelling magnitude and variability are largely
uncertain (no direct measurements), despite their
relevance for tracer transport into the stratosphere.
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Data and upwelling calculations

• Time series of temperature show common variability
with ozone and carbon monoxide (CO) observations,
both on seasonal and sub-seasonal timescales (Fig.1).

Seasonal cycles

• The annual cycle in temperature is associated to upwelling seasonality, not
completely balanced by diabatic heating due to the long radiative timescales.
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Is tropical upwelling mainly driving the observed
common variability between temperature and tracers?

Chemical Production - Loss

Eddy transport

• The analysis of all the terms in the TEM tracer
continuity equation can tell us what is mainly
driving the seasonality in ozone and CO.
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Estimates of tropical upwelling

Fig.2. Daily time series of the three estimates of tropical upwelling for the indicated pressure levels.
Mean seasonal cycles are shown on the right panels.Time series are 11-days running means.

Summary and Discussion

• Common fluctuations between temperature and tracers on fast timescales
are often observed also in upwelling (Fig.7).

Summary

Fig.7.
Top
curves:
of
standardized anomalies of
temperature, ozone and CO
tendencies. Low curves:
three estimates of tropical
upwelling
All time series for the year
2010 at 70 hPa are filtered to
remove timescales ≥1 year
and ≤6 days.

Carbon monoxide
Fig.3. Mean seasonal cycle
(2005-2010) of the terms in
the continuity eq. for MLS
ozone averaged over 18S18N. The eddy transport
term is included in the
residual.

Fig.5. As Fig.3
but for CO.

• The correlations are statistically significant and reflect the vertical structure of
the vertical gradients in tracer concentrations*.

• The seasonal cycles in ozone and CO tendencies closely follow the seasonality in vertical advection
by tropical upwelling. This is seen both in observations and in WACCM.
• Large residual in ozone balance is mainly due to eddy transport (see Discussion). Smaller residual for
CO is consistent with smaller eddy transport in WACCM.

WACCM

• Residual circulation. Strongly depends on w from
reanalysis, not constrained by observations.
• Momentum balance. EP-fluxes derived from reanalysis
data: only resolved waves are included.
• Thermodinamic balance. Heating rates are computed
with the NCAR-CRM using MLS ozone and ERA-Interim
temperatures.

Sub-seasonal fluctuations

Uncertainties in all terms

Ozone

Data
• Aura-MLS ozone and CO satellite observations. Daily
zonal means from Sept. 2004 to Dec- 2010. ozone
vertical resolution ~3km, CO ~4.5km.
• ERA-Interim reanalysis: T, u, v, omega (1.5x1.5)
• WACCM fully coupled chemistry -climate model run: T,
u, v, omega, Q, ozone and CO.

• Sharp vertical gradients across the tropical tropopause
enhance the effect of upwelling on tracer concentrations
(Randel et al. 2007).

Fig.1. Standardized anomalies of temperature, 𝐎𝟑 and CO averaged over 18S-18N at three
pressure levels across the tropical tropopause. CO is plotted on an inverted scale.
Temperatures: ERA-Interim, tracers: MLS-Aura satellite observations.

• Reasonable agreement among daily time series of three
independent estimates of tropical upwelling.
• Common variability between temperature, ozone and CO
on seasonal and sub-seasonal timescales is shown to be
linked to variability in tropical upwelling at levels where
vertical gradients are larger (~ 70 hPa and above).
• Eddy transport in WACCM contributes to tracer variability
mostly at lower levels.
Discussion
• Large residuals in MLS ozone
balance (Fig.3) are a caveat
to our study. Are they
actually mainly due to eddy
mixing? Comparison with
explicitly computed 𝛻 ∙ 𝐌
using WACCM suggests they
are (see Fig.10).
Open questions

Fig.4. As Fig.3 but for WACCM
ozone. In this case the eddy
transport term is explicitly
resolved. Maximum amplitude
of ozone annual cycle is found
at higher altitudes in WACCM
than in observations.

Fig.8. Linear correlations between upwelling
estimates and tracer tendencies.

Fig.9. Linear correlations of vertical advection by upwelling
(black) and eddy transport (red) with tracer tendencies.

• WACCM shows consistent results for upwelling, and also reveals the
importance of mixing for sub-seasonal tracer variability at lower levels.
Fig.6. As Fig.4 but for CO.

Part of the results shown here are
currently published in: Abalos, M.,
Randel, W. J. and Serrano, E.:
Variability in upwelling across the
tropical tropopause and correlations
with
tracers
in
the
lower
stratosphere, ACPD, 2012.

* There are larger uncertainties in the vertical structure of MLS, due to the thick averaging functions.
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Fig.10. Left: Latitude-month section
of the residual term in MLS ozone
balance (Fig.3). Right: Latitudemonth section of eddy transport
term in WACCM ozone balance
(Fig.5). (ppbv/day)

• Why are our results for ozone seasonality different from
Ploeger et al., (2012)?
• How realistic is eddy transport in WACCM?
• What drives variability in upwelling?
• And in eddy transport?
• …
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